Résumé. 2014 Partant de l'équation de Boltzmann quantique régissant la dynamique de l'hydrogène atomique, on étudie la diffusion de la composante longitudinale des spins électronique ou nucléaire en haut champ magnétique. Ce problème est équivalent à un problème de diffusion de concentration dans un mélange réactif à quatre composantes (la réaction étant ici le transfert électronique). L'importance des divers coefficients de la matrice de diffusion est présentée numériquement dans un très large domaine de température (100 mK-100 K). Il est montré comment ces coefficients varient avec l'état interne du système. Ces variations sont considérables pour toutes les températures inférieures à 500 mK ou supérieures à 10 K, beaucoup plus faibles dans le domaine des températures intermédiaires à cause de la faiblesse des phénomènes d'échange de spin dans ce domaine de température. L'importance relative des phénomènes d'échange de spin vis-à-vis des processus directs de collision détermine la nature des modes hydrodynamiques décrivant la diffusion des variables internes d'un tel système.
Abstract. 2014 The general results recently obtained for the Boltzmann collision term in a gas of atomic hydrogen are applied to the study of longitudinal spin diffusion in high magnetic fields. This phenomenon can be described as a diffusion of concentration in a four component reactive mixture (the reaction being here the electronic transfer between nuclei). A numerical discussion of all the coefficients of the diffusion matrix between 100 mK to 100 K is given in the text, together with a discussion of the nature of the hydrodynamic modes in such a situation. The variations of the diffusion coefficients with the internal state of the gas are important for temperatures lower than 500 mK or higher than 10 K, when the spin exchange process is not negligible compared to the direct process. Finally, the relative importance of these two processes determines the nature of the hydrodynamic modes in the system. J. Physique 46 (1985) Theoretical interest in electronic spin polarized hydrogen (H!), a two-component bosonic system expected to undergo Bose condensation in gaseous phase [1] [2] [3] , has renewed the interest in atomic hydrogen. Many experiments have been designed (Amsterdam, M.I.T., Vancouver, Comell, Harvard and Grenoble) to study low temperature properties of atomic hydrogen with a view to realizing either Bose-condensed Hi, or spin polarized beams and targets for nuclear physics, or else ultra stable low temperature masers [4] . All these experiments have in common the fact that at some stage they deal, not with the idealized Hi (i.e. a system of atoms with complete electronic spin polarization and only one internal degree of freedom, namely the nuclear spin), but with a statistical mixture of the four first internal levels of atomic hydrogen schematized in figure 1 . The kinetic behaviour of such mixtures is important in many experimental situations : electronic and nuclear spin diffusion (the Fig. 1 [5] . Without going into details (which can be found in reference [5] [5] .) The notations used in (1) are the usual ones f.,( 1 ) stands forfi(r, p 1, t) (local collisions), the momentum of ingoing and outgoing particles are related by the usual relations for elastic collisions :
and v, is the velocity of the relative motion (= qilm). The numerous cross sections appearing in this equation are related to the various mechanisms described in the introduction. Their exact definitions are given in reference [5] and are recalled in appendix 1 [6] where the particles were taken to be undissociable.
ii) The third and fourth terms of (1) (collisions a-c and a-d) describe collisional processes of atoms in different electronic spin states without electronic transfer : the use of the direct cross section ad appears as normal. The third term involves encounters which can be distinguished both by their nuclear and electronic spin, whereas in the fourth term the nuclear spins are indistinguishable. This explains the s. a' factor related to the nuclei exchange degeneracy.
iii) The transfer terms are more involved : the first one is associated with the following spin flip :
It is important to note that in the Boltzmann equation, the label is primarily associated with the momentum and thus with the nucleus. The reaction schematized in equation (2) by an average of the transfer cross section (Tt N ( nv at&#x3E;) [7] . It a) The flux of the electronic component is only related to the gradient of the electronic spin and decoupled from any gradient of nuclear polarization; (10); its precise definition and numerical value are given in Appendix 2). This thermally averaged cross section is the main contribution to the diagonal coefficients of the diffusion matrix (Eq. 10)). (b) Those curves show the different ratios a = a/ Wa, P = fl/ W, --., appearing in equation (11) figure 3a. b) The fluxes of the two nuclear polarizations are coupled and depend on the electronic polarization :
For an electronically unpolarized system S = 0 (Fig. 3b) , the two diagonal coefficients are equal as well as the two non-diagonal coefficients
The order of magnitude of the diagonal coefficient for nuclear spin diffusion is the same as that for the electronic spin diffusion, but it can be seen by comparing figures 3a and 3b that they nevertheless deviate strongly in both the low and high temperature ranges.
In the electronically polarized system (S = 1), the symmetries of the coefficients of (13) are lost. As it should be, the Df; -1 = Ds = + 1 coefficient is identical to the nuclear spin diffusion coefficient ofH ! obtained in reference [9] . For almost complete electronic polarization (S n-, 1) the diffusion in the weak components Dr; 1 is quite different from that in the strongly populated components D'=' and the flux of I T depends extremely weakly on a possible gradient of I I (see Fig. 3c ). (10) is allowed and that for lower or higher temperature, the matrix must be inverted exactly. In the low temperature range T 500 mK, the situation is very involved, each flux being strongly coupled to all the internal gradients :
all coefficients of the 3 x 3 matrix are of the same order of magnitude (cf. Fig. 2 ) and each experimental situation must be studied with great care, the spin diffusion coefficients then being extremely sensitive to the internal state of the mixture. The existence of a local H-theorem nevertheless rules out the possibility of occurrence of an instability (i.e. the determinant of the characteristic matrix is always positive and finite for any set of values of S, I I and I T).
As a last comment, it must be underlined that the 7(a -0) coefficients appearing in (11) are linear combinations of collision integrals of the various transfer cross sections (see Appendix 2) . As such they depend on differences in scattering effects in the Vg and Yu potentials and may be much more sensitive to the exact forms of the potentials than the Wd coefficient which is related to the direct process.
Conversely a measurement of some of these diffusion coefficients would be a crucial test of the quality of the potentials (the details on the potentials and on the numerical computation are given in Appendix 2). where T(t'), the usual longitudinal relaxation time related to the spin exchange process [7] , is defined by :
where n is the total density, x the momentum of the relative motion, p the reduced mass and Q[P,t] the angular averaged transfer cross section :
In the notations of reference [8] 4. In the Knudsen regime (region I of Fig. 4) , the present Chapman-Enskog approximation fails and the Boltzmann equation must be solved directly.
In the metastable domain (region II of Fig. 4 [9] . In order to achieve a good numerical accuracy within the double precision calculation, a very small mesh of discretization (10-2 to 10-3 A) was used for the small and intermediate interatomic distances in the G channel of collisions. The more recent determinations of Kolos and Wolniewicz were used for the Yg [10] and Yu potentials [11] . Hyperfine interactions and magnetic couplings have been ignored which is probably a rather poor approximation in the low temperature limit (T 100 mK).
